Human herpesvirus 6 (HHV-6) was first isolated in 1986 from the peripheral blood of patients with lymphoproliferative disorders (41) . The distinct nature of HHV-6 with respect to other human herpesviruses was confirmed by molecular and immunological analyses (24) . The virus replicates predominantly in CD4-positive lymphocytes in vivo and in vitro (31, 50) and may establish latent infection in the monocyte/macrophage-lineage cells (28) . Nucleotide sequence analysis of the genome has demonstrated that HHV-6 is closely related to human cytomegalovirus and human herpesvirus 7 (HHV-7) and that these three viruses belong to the betaherpesvirus subfamily (30, 36) . Two variants of HHV-6, i.e., HHV-6A and HHV-6B, have been identified based on differences in epidemiology, growth in vitro, antigenic properties, restriction endonuclease profile, and nucleotide sequence (1-3, 9, 18, 44, 57, 59) . HHV-6B appears to be isolated more frequently than HHV-6A from the blood except in patients with AIDS (1, 26) . In addition, it has been proved that HHV-6B is the etiologic agent of exanthem subitum (60) , which is a common childhood illness characterized by a high fever and skin rash. HHV-6B has also been reported to cause bone marrow suppression (16) , interstitial pneumonia (8, 13) , and encephalitis (17) , as well as being associated with an infectious mononucleosis-like illness in adults (48) , whereas HHV-6A has not yet been associated with any human diseases.
The entire genome of HHV-6A has been sequenced by Gompels et al. (19) , and we have also performed DNA sequencing of the entire HHV-6B strain HST genome (unpublished data). The homology between HHV-6A U1102 and HHV-6B HST was approximately 95% for the DNA sequence and for the amino acid sequence (unpublished data). Analyses of the sequence comparisons have led to the identification of a candidate for a chemokine open reading frame (ORF), ORF U83, within the HHV-6 genome (19) . Recently, it has been reported that certain viruses have evolved molecular piracy and mimicry mechanisms so that acquired host genes within virus genomes are able to produce proteins capable of interfering with the normal host defense response (56) . Kaposi's sarcoma-associated herpesvirus, belonging to the gammaherpesvirus subfamily, encodes three chemokine homologs, i.e., viral macrophage inflammatory protein I (vMIP-I), vMIP-II, and vMIP-III (14) . Although the functions of vMIP- III have not yet been characterized, vMIP-I and vMIP-II were shown to inhibit human immunodeficiency virus entry into cells through CCR3, CCR5, and CXCR4, which are specific receptors for chemokines (25) . In addition, in the chicken chorioallantoic membrane assay, vMIP-I was found to have strong angiogenic properties (6) . Furthermore, the vMIP-II protein has in vitro antagonistic activity against CCR1, CCR2, CCR5, CXCR4, and CXCR3 but not against CXCR1 and CXCR2. In vivo, vMIP-II potently inhibits MIP-1␣-, MIP-1␤-, and RANTESinduced leukocyte infiltration and markedly attenuates proteinuria (10) . Additionally, vMIP-II induces a significant cytoplasmic calcium flux in human eosinophils and can induce angiogenesis (6) . Molluscum contagiosum virus, a member of the poxvirus family, encodes a secreted CC chemokine homolog, MC148, that potently interferes with the chemotaxis of human monocytes, lymphocytes, and neutrophils that occurs in response to a large number of CC and CXC chemokines with diverse receptor specificity. These findings provide a possible explanation for the absent or delayed inflammatory response in molluscum contagiosum virus lesions (15) . In murine cytomegalovirus, belonging to the betaherpesvirus family, a chemokine homolog was also found (32) .
Our purpose in the present experiments was to characterize the chemokine homolog U83 of HHV-6B and test whether this gene product has the chemokine properties. We demonstrated that the U83 protein induces transient calcium mobilization in THP-1 cells and efficient chemotactic activity to the cells. Thus, these results suggest that the U83 protein plays a role in HHV-6B pathogenesis by activating mononuclear cells and recruiting them to sites of viral replication in vivo, thus aiding the spread of HHV-6B.
GTTGC-3Ј), O6-PolR1 (5Ј-CGAACAGTTTTGCATCTCCGC-3Ј) and O6-PolC3 (5Ј-GTTTGTATCCGAGCATTATG-3Ј), gHF4 (5Ј-CCAGTCCAAGTC  AGATGCGC-3Ј) and gHR5 (5Ј-AATAGGGTTTGGATTCCTAGG-3Ј), U83-F  (5Ј-GTCGACCATGTTCATTTGGCTTTTTATTGTT-3Ј) and U83-R (5Ј-ATG  AATTCTCATGATTCTTTGTCTAATTTC-3Ј), and CEF1A (5Ј-GCTCCAGC  ATGTTGTCACCATTC-3Ј) and EF1A (5Ј-GGTGAATTTGAAGCTGGTATC  TC-3Ј) , respectively. Expression of U83 in E. coli and generation of anti-U83 sera. To express the U83 protein, an expression plasmid was constructed by using Escherichia coli expression vector pGEX-3X (Pharmacia, Uppsala, Sweden). In this plasmid, the U83 gene was fused to the glutathione S-transferase (GST) gene. Virus DNA from HHV-6B HST was used as a template for PCR. PCR was performed with EX Taq DNA polymerase by using the primers U83-GST-1 (5Ј-TGGGATCCC CGACGATGACGACAAGTTTA-3Ј) and U83-GST-2 (5Ј-ATGAATTCTCAT GATTCTTTGTCTAATTTC-3Ј), which were a sense strand with a BamHI recognition sequence appended at the 5Ј end and an antisense strand with an EcoRI recognition sequence at the 5Ј end, respectively. The PCR conditions were as follows: 25 cycles at 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min, and one final extension at 72°C for 10 min, in a TP480 PCR thermal cycler (Takara Shuzo). The PCR product was cloned into pCR2.1 (Invitrogen, San Diego, Calif.), and the entire insert was sequenced by using a SequiTher Long-Read cycle-sequencing kit and a 4000L DNA sequencer (Li-Cor, Lincoln, Nebr.). After digestion with BamHI and EcoRI, the product was inserted into the BamHIEcoRI sites of pGEX-3X to create plasmid pGEXU83. A polypeptide containing amino acid residues 18 to 113 of the U83 protein was produced as a GST fusion protein in E. coli and purified. This fusion protein was used for immunizing rabbits to obtain monospecific antisera. Antibodies were purified with the ImmunoPure (A) immunoglobulin G (IgG) purification kit (Pierce).
Preparation of rU83 virus. Recombinant U83 (rU83) viruses were prepared by using the Bac-to-Bac baculovirus expression system (Gibco BRL) as recommended by the manufacturer. Hi-5 insect cells (Gibco BRL) were infected with the recombinant viruses and were cultured in Express Five SFM (Gibco BRL). The culture supernatants were collected 2 days after infection. rU83 protein was partially purified with a 25-ml cation-exchange Hiload column (Pharmacia) in a fast protein liquid chromatography system (Pharmacia).
Western blotting. Samples for Western blot analysis were prepared from recombinant U83 virus-infected insect cells. The samples were dissolved in sample buffer (0.1 M Tris-HCl [pH 6.8], 15% glycerol, 4% sodium dodecyl sulfate [SDS], 0.1% Coomassie brilliant blue G-250) with 5% ␤-mercaptoethanol, and separated by Tricine-SDS-polyacrylamide gel electrophoresis (SDS-PAGE) as described previously (42) . Western blot analysis was done as described by Towbin et al. (52) . A semidry transfer unit with a polyvinylidene difluoride membrane (Bio-Rad) was used. The membrane was soaked in 5% skim milk-PBS and reacted sequentially with the purified anti-U83 (1:1,000) and alkaline phosphatase-conjugated anti-rabbit IgG (1:5,000) (Promega), and the signals were detected with the ProtBlot NBT and BCIP Color Development System (Promega).
Indirect immunofluorescence assay (IFA). HST-or mock-infected MT-4 cells were spotted on glass slides, air dried, and fixed with cold acetone. Antibodies diluted (1:100) with a dilution buffer (1ϫ PBS containing 2% bovine serum albumin, 0.2% Tween 20, and 0.05% NaN 3 ) were spotted onto the slides and incubated at 37°C for 45 min. After the slides were washed with PBS for 10 min twice, fluorescein-conjugated goat antibodies against rabbit IgG were spotted onto the slides and incubated at 37°C for another 45 min. Then, after the slides were washed as above, signals were detected by immunofluorescence microscopy.
Production of U83-Fc fusion protein. Virus DNA prepared from cells infected with strain HST was used as a template. The U83 gene was amplified by PCR. PCR was performed with EX Taq DNA polymerase and primers U83-SalI (5Ј-GTCGACCATGTTCATTTGGCTTTTTATTGTT-3Ј) and U83-SpeI (5Ј-A CTAGTACTTACTTGATTCTTTGTCTAATTTCGACA-3Ј), which were a sense strand with a SalI recognition sequence appended at the 5Ј end and an antisense strand with an SpeI recognition sequence appended at the 5Ј end, respectively. The PCR product was cloned into pCR2.1 (Invitrogen), and the entire insert was sequenced. After digestion with SalI and SpeI, the DNA fragment was inserted into the SalI-SpeI sites of the pEF-FC mammalian expression vector (49) , which was derived from pEF-Bos (34) . To produce a U83-Fc fusion protein, COS-7 cells were transfected with the plasmid together with SuperFectant transfection reagent (Qiagen). The transfected cells were incubated for 24 h in medium containing 10% FCS and then for 48 h in serum-free medium. The supernatants were combined, centrifuged, and passed through a 0.45-m-poresize filter to remove cell debris. Then the U83-Fc proteins were purified with the ImmunoPure(A) IgG purification kit (Pierce). Purified fusion proteins were equilibrated with HEPES-buffered Krebs solution (1.24 mM NaCl, 5 mM KCl, 1.24 mM KH 2 PO 4 , 1.3 mM MgSO 4 , 2.4 mM CaCl 2 , 10 mM glucose, 25 mM HEPES [pH 7.4] (HBKS) and concentrated with a Centricon 10 apparatus (Amicon, Inc.), and the protein concentration was estimated by measuring the optical density at 280 nm.
Intracellular [Ca 2؉ ] measurements. Cells were washed twice in HBKS. Then 10 7 cells were incubated for 30 min at 37°C in the dark in 1 ml of HBKS containing 5 M Indo-1AM (Dojin Chemical Co.). The cells were subsequently washed twice with HBKS and resuspended at 2.5 ϫ 10 6 cells/ml. A 1-ml volume of the cell suspension was placed in a continuously stirred cuvette at 37°C in a VOL. 73, 1999 A VIRAL CHEMOKINE OF HHV-6 5927 CAF-110 fluorometer (Jasco). Fluorescein was monitored at an excitation wavelength of 355 nm and emission wavelengths of 405 and 485 nm, and the data were presented as relative ratios of fluorescein levels excited at 405 and 485 nm. Data were collected every 10 ms. Chemotaxis assay. Cell migration was assessed by using Transwell chambers with 3-m pores (Costar) as described elsewhere (38) . A THP-1 cell suspension in 100 l of assay medium (RPMI 1640 medium supplemented with 20 mM HEPES [pH 7.4] and 0.5% bovine serum albumin) was placed in the upper compartment (10 6 cells/well), and 0.6 ml of assay medium without or with a chemokine was placed in the lower compartment. After incubation at 37°C for 4 h in 5% CO 2 , the plates were centrifuged at 300 ϫ g for 5 min. The cells from the lower compartment were counted on a FACSCalibur apparatus (Becton Dickinson). Each experiment was carried out three times.
RESULTS
DNA cloning and cDNA analysis. Inspection of the nucleotide sequence of HHV-6B HST (29) revealed that ORF U83 is located approximately 4 kb from the right end. We have been particularly interested in this ORF because its deduced amino acid sequence was similar to a chemokine. We have obtained an ORF U83-containing cDNA from infected cells as described in Materials and Methods. Then the 5Ј and 3Ј ends of the U83 cDNA were obtained by RACE methods. The U83 cDNA was approximately 1.0 kb in size, with the ORF of 345 bp starting with the first methionine codon and encoding a polypeptide of 113 amino acid residues (Fig. 1) . The 3Ј-noncoding region contained the putative polyadenylation signal (AATAAA) and also contained the mRNA destabilization signal (ATTTA) that is often found in cytokine and chemokine sequences (45) . The NH 2 -terminal end of the deduced amino acid sequence was highly hydrophobic and was consistent with the typical signal peptide sequence (54) . The cleavage site was predicted to be between amino acid positions 20 (Glu) and 21(Phe) (Fig. 1) . The primary sequence of the U83 polypeptide contained five properly placed cysteine residues as well as a putative N-glycosylation site (Fig. 1) . The putative molecular mass of the U83 protein without the signal sequence is approximately 10 kDa. However, compared with other chemokines, the polypeptide had an extra NH 2 -terminal extension of about 14 amino acids, which had relatively low homology to human chemokines. There was no splicing site within this gene.
Analysis of U83 expression in HHV-6B-infected cells by RT-PCR.
We have examined the transcription of the U83 gene in the presence of an inhibitor of protein or DNA synthesis. RNA was purified from CBMCs infected with strain HST in the presence of CHX or PFA as described in Materials and Methods. Specific RNAs were amplified by RT-PCR with primers for the U83, IE-1, Pol, gH, and EF genes. The PCR products were loaded onto a 10% polyacrylamide gel (Fig. 2) . The EF bands, which were amplified from cellular RNA as a control, were displayed at approximately equal intensities in all lanes. No products were amplified from mRNA of mock-infected cells with the primers related to the HHV-6 genome (Fig. 2,  lane 5 ). In the presence of CHX, only the IE-1 band (498 bp) was detected by RT-PCR (lane 2). In the presence of PFA, IE-1, Pol (215-bp), and gH (374-bp) bands appeared strongly but the U83 band was not detected (lane 3). However, in virus-infected but untreated cells, a clear 345-bp band of U83 was detected (lane 4). These results indicated that the U83 gene was expressed as a late gene.
Expression of the U83 gene in HHV-6B-infected cells. To characterize the protein encoded by the U83 gene, the GST-U83 fusion protein was expressed in E. coli as described in Materials and Methods and later used for raising monospecific antibody against U83 protein. Using the antibody, we examined its specificity to the U83 protein. Western blot analysis revealed that the antibody specifically recognized the purified U83-Fc fusion protein of 38 and 40 kDa (see Fig. 5B ) and also recognized purified recombinant U83 protein of 10 and 12.5 kDa in supernatants from the rU83-virus infected Hi-5 cell cultures (see Materials and Methods) (Fig. 3A) ; however, no specific band was observed by using preimmune serum (Fig.  3B) . Thus, our results showed that antibodies specifically recognized the U83 protein.
To characterize the viral protein in HHV-6-infected cells, FIG. 1 . Alignment of the HHV-6BU83 cDNA sequence and its deduced amino acid sequence. The 5Ј and 3Ј ends of the U83 cDNA were obtained by RACE. The U83 cDNA contained an ORF encoding 113 amino acids, starting at the first methionine codon, which contains the five cysteine residues (asterisks). The vertical arrow indicates the experimentally determined cleavage site of the signal sequence. The putative N-glycosylation site NAS is indicated by a dotted underline. The AATAAA sequence in the 3Ј noncoding region indicates the putative polyadenylation signal, and the ATTTA is the mRNA destabilization signal that is often found among cytokine and chemokine cDNAs. MT-4 cells were mock infected or infected with HHV-6B HST, harvested 48 h after infection, and analyzed by IFA with antibody. As shown in Fig. 4 , the antibody reacted with the U83 viral antigen in cytoplasm and on the membrane of HSTinfected cells (Fig. 4C) . No staining was observed in uninfected cells (Fig. 4A) , and no specific staining was observed with preimmune sera in HST-infected cells (Fig. 4B) . In the presence of an inhibitor of DNA polymerase, PFA, at 200 g/ml, U83 antigen in MT4 cells infected with HST was not detected at 48 h by IFA (Fig. 4F ) whereas positive control U89 antigen (an immediate-early gene product) and U41 protein (an early gene product) were detected in the nuclear region with anti-U89 rabbit sera (51) and monoclonal antibody OHV-2 against U41 protein (unpublished data), respectively ( Fig. 4D and E) . These data further demonstrated that U83 antigen was a late protein.
Expression of U83-Fc fusion protein.
To obtain the U83 protein, the COOH terminus of ORF U83 was fused with the Fc portion of human IgG1 and the U83-Fc fusion protein was produced in COS-7 cells by transfection with the DNA. The U83-Fc fusion protein in the culture supernatants was then purified by protein A affinity chromatography. When the protein was analyzed by SDS-PAGE and stained with Coomassie brilliant blue, the purified fusion protein migrated as double bands of 38 and 40 kDa (Fig. 5A) . Sequence analysis of 8 amino acids of the NH 2 terminus of 38-and 40-kDa polypeptides was performed, and the NH 2 termini of both the U83-Fc proteins were found to start at position 21(Phe). Western blot analysis showed that purified U83-Fc proteins were detected with anti-U83 serum (Fig. 5B) but not with preimmune serum (Fig. 5C ). These results showed the polypeptide was cleaved between positions 20 and 21, which corresponded to the putative signal cleavage site. The difference in molecular masses between the two polypeptides was probably due to glycosylation. 
Induction of calcium flux by U83 protein. It has been reported that RANTES was chemotactic for human peripheral blood monocytes and T lymphocytes (43). RANTES also has

Chemotaxis activity of U83 protein.
We next examined the chemotactic ability of the U83 protein to induce the migration of THP-1 cells. By transwell migration assays, we analyzed its ability to stimulate chemotaxis of THP-1 cells. RANTES as the positive control induced significant migration compared with that induced by the negative control buffer. The U83-Fc protein also induced efficient migration of THP-1 cells (Fig. 7) . U83-Fc, which was capable of attracting THP-1 cells, showed the typical dose-response curve with the maximal effect at 100 nM, whereas the Fas-Fc protein, a negative control protein, was unable to induce chemotaxis in THP-1 cells. These data clearly indicate that the U83 protein has the ability to induce migration in THP-1 cells, as does RANTES. Thus, taken together, our observations clearly demonstrated that U83 is a functional chemokine.
DISCUSSION
The HHV-6 genome is composed of linear, double-stranded DNA, which has two GC-rich terminal direct repeats, direct repeat left and direct repeat right, and a long AT-rich unique long sequence (UL). In the present study, we have identified and characterized a novel viral gene of chemokine, designated the U83 gene, which encoded a product of 113 amino acids. The chemokine homolog is encoded by HHV-6 ORF U83, and its genomic location is similar between HHV-6A and HHV-6B. It has been speculated from the sequencing results that the U83 gene of HHV-6B would consist of 345 bp encoding 113 amino acids whereas that of HHV-6A would consist of 294 bp encoding 97 amino acids (19) . The predicted mature protein of U83 had 93 amino acids, and the U83 shows relatively low sequence similarity to human chemokines: 17.6% to MIP-3␤ and 11.8% to RANTES over a stretch of 34 amino acids (Mac DNAsis; Hitachi Software Engineering Co., Ltd., Yokohama, Japan). The ORF U83 product of HHV-6B HST had 85.6% amino acid identity to that of HHV-6A U. The major difference between the HHV-6A ORF U83 product and the HHV-6B ORF U83 product was present at their NH 2 termini. The HHV-6B ORF U83 product was 16 amino acids longer than that of HHV-6A. The NH 2 -terminal end of the HHV-6B ORF U83 product was hydrophobic and roughly corresponded to the region containing a typical signal peptide sequence. The cleavage site was present between positions 20 and 21, whereas no clear cleavage site of the leader peptide has been identified near the CC motif of the U83 protein of HHV-6A (15), suggesting that the U83 protein of HHV-6A may not be secreted from infected cells. We next found that the typical poly(A) ϩ signal sequence AATAAAT was located at the 3Ј noncoding region. The 3Ј noncoding region also contained the consensus sequence ATTTA, which has been commonly found in mR- NAs encoding a variety of cytokines and chemokines (45) and in those encoding proteins related to the inflammatory response (7) but not in mammalian mRNAs in general. The sequence ATTTA appear to correlate with relative instability of mRNA. Thus, its presence in the U83 gene may support the idea that this gene represents a novel viral chemokine.
The chemokine is a small protein with four conserved cysteines capable of forming two essential disulfide bonds (Cys1-Cys3 and Cys2-Cys4). The family of chemokines comprises four subfamilies defined by the distribution profiles of the cystein residues in the NH 2 terminal: the CC, CXC, C, and CX 3 C subfamilies. CC, CXC, and CX 3 C chemokines are distinguished according to the position of the first two cysteines, which are adjacent (CC), separated by one amino acid (CXC), and separated by three amino acids (CX 3 C). The ORF U83 protein has five cysteines, the first three of which are found in the sequence of CXXCC, which may correspond to the above CC or/and CX 3 C profiles. It remains to be determined which profile is functional in the U83 protein.
It is supposed that the gene expression of HHV-6 follows a sequential and regulated pattern. The transcripts can be divided into three broad categories, immediate-early (IE), early (E), and late (L), as is the case with other herpesviruses (22) . IE transcriptions require only preformed host factors, and thus the transcripts are expressed despite inhibition of host cell translation. E transcripts require the IE gene products for their expression, whereas L transcripts are expressed after the initiation of viral DNA replication. Our RT-PCR analysis showed that the U83 mRNA belongs to the late kinetic class in HHV-6B-infected CBMCs (Fig. 2) . Moreover, our IFA revealed that the expression of U83 protein was not detected in HST-infected cells in the presence of PFA by staining with a specific antibody (Fig. 4) . When the recombinant U83-Fc fusion protein was expressed in mammalian cells, purified from culture supernatants, subjected to affinity chromatography, and analyzed by SDS-PAGE, it migrated as double bands of 38 and 40 kDa (Fig. 5) . In addition, recombinant U83 partially purified from supernatants of Hi-5 insect cells was detected as double bands by Western blotting analysis. Since amino acid sequencing demonstrated that the NH 2 termini of the two polypeptides were the same (data not shown), the differences may be due to some other modification such as glycosylation on the U83 protein. In contrast, only one band was seen in the purified Fas-Fc fusion protein, which was used as a control (data not shown). Computer-aided analysis of the U83 protein sequence showed that the NH 2 -terminal region was highly hydrophobic, corresponding to the signal peptide. When the recombinant U83-Fc fusion protein was expressed in COS-7 cells, U83 protein was secreted into the medium. Moreover, NH 2 -terminal sequencing of the U83 protein showed that the signal peptide was cleaved as predicted. Even though the 93-amino-acid sequence of this viral chemokine showed relatively low homology to human chemokines, the ORF U83 retained four properly spaced cysteine residues, which is a hallmark for the chemokines.
Our data showed U83 was able to transduce signals involving the Ca 2ϩ flux in THP cells. However, its inducing level was apparently lower than that of RANTES. Chemokines have two main sites interacting with their receptors, one in the NH 2 -terminal region and the other within an exposed loop of the backbone that extends between the second and third cysteines (5). The NH 2 -terminal binding site is essential for triggering the receptor. It is believed that the receptor first recognizes and interacts with the chemokine loop region to correctly present its triggering domain at the NH 2 -terminus. The mature NH 2 -terminal region of the chemokines is thought to be involved in biological activity and leukocyte selectivity as described for MCP-1 and interleukin-8 (5, 20) . Thus, truncation or elongation of the NH 2 -terminal sequence leads to considerable loss of those activity (4, 5, 12) . In comparison with other chemokines, the U83 protein had an extra NH 2 -terminal region of 14 amino acids. Thus, the extra region is probably involved in a particular function upon triggering the receptor. So far, there are at least three distinct classes of receptors for chemokines on monocytic THP-1 cell (40, 58) . Whether U83 protein belongs to one of these classes or to some other, unknown class remains to be determined. Molecular piracy of host cellular genes is a newly recognized feature of some herpesviruses. It is noteworthy that in addition to a gene encoding a viral chemokine, there is a gene encoding a viral chemokine receptor within the same viral genome. In HHV-6, there are genes that encode proteins homologous genes to G-protein-coupled receptors, U12 and U51 (19) . U12 encodes a functional chemokine receptor for RANTES, MIP-1␣, MIP-1␤, and MCP-1 (23) . These chemokines exert their effects through binding to target cell surface chemokine receptors that belong to the family of G-protein-coupled seventransmembrane-domain receptors. To date, five CXC chemokine receptors (CXCR1 to CXCR5), at least eight CC chemokine receptors (CCR1 to CCR8), one CX 3 C chemokine receptor (V28), and one C chemokine receptor (XCR1) have been cloned and characterized (38) . The various chemokine receptors are known to exhibit overlapping ligand specificities. In addition, there are numerous orphan chemokine receptors whose ligands have not been identified. The receptor(s) for the U83 protein remains to be determined. At present, it is not known whether the U83 protein binds to the same receptor(s) as that for RANTES. The structure-function studies of the viral chemokine could lead to a greater understanding of the viral chemokine and provide an insight into useful therapeutic strategies that broadly target chemokine-signaling systems. At present, it is also not known whether the U83 viral chemokine affects the signaling of U12. Identification of the viral chemokine and its corresponding receptor will probably lead to a Chemokines recruit specific leukocyte subsets. The CXC chemokines are chemotactic for neutrophils, whereas the CC chemokines generally attract monocytes and other leukocytes, including lymphocytes, eosonophils, and basophils; the C chemokine is specific for T and NK lymphocytes (21) ; and the CX 3 C chemokine appears to be a potent chemoattractant for monocytes and lymphocytes. In addition, chemokines activate leukocytes, promote leukocyte adhesion, and have other effects. Our study also showed that the U83 viral chemokine induced the chemotactic activity of the THP-1 cell line. However, further studies are needed to identify its functional receptor and delineate its in vivo function. The biological roles of the viral chemokine in herpesviruses are not yet known. Mononuclear cells are infected with HHV-6 in vivo, resulting in acute, chronic, and latent infections (39) . It is possible that such a virally encoded chemokine acts as chemokine receptor agonist and recruits particular uninfected leukocytes for further viral infection and/or for transmission of the virus or that it stimulates proliferation of these uninfected target cells, hence priming them for productive viral infection. However, it was predicted that the U83 protein of HHV-6A might not be secreted. In this case, it is unlikely to exert U83 chemokine functions. A better understanding of the role of the HHV-6B viral chemokine U83 in viral pathogenesis may allow us to develop better antiviral strategies to reduce the burden of herpesvirus-associated diseases.
